Background: Oligoasthenoteratozoospermia (OAT) syndrome is the most frequently seen phenotype in male infertility. Spermatogenesis relies closely on hormone regulation. The aim of this study was to assess the correlation between hormone profile and semen parameters in infertile men with idiopathic or varicocele-related OAT syndrome. We tried to illustrate the correlative factors for better semen parameters in these patients. Methods: A total of 96 patients with idiopathic or varicocele-related OAT were included for assessment.
Introduction
In spermatogenesis, hormones are the most important environmental factor that affects germ cell development. All causes that have an impact on or can change the hormonal condition may be responsible for sperm production. In recent studies of rodents and humans, the role of independent hormones and their synergic effects on spermatogenesis have been noted. 1 Oligoasthenoteratozoospermia (OAT) syndrome refers to a combination of abnormalities in the three semen parameters and is a common phenotype for infertile men. 2 OAT syndrome includes oligozoospermia, asthenozoospermia, teratozoospermia, oligoasthenozoospermia, asthenoteratozoospermia, oligoteratozoospermia, and oligoasthenoteratozoospermia. Varicocele, the most common cause of male infertility and the major etiology of OAT, may also change the hormonal environment in addition to direct detrimental impact on spermatogenesis. 3, 4 Despite the extensive studies on varicocele, the pathophysiology of varicocele as it contributes to OAT is still not clearly defined. 5, 6 However, hormonal changes are believed to be important in sperm production, combined with the oxidative and temperature stress in patients with varicoceles. The etiologies of OAT are diverse, and many of the causes are related to hormonal derangements. 7 Factors contributing to the hormonal change may result in OAT syndrome, including the most prevalent one, varicocele. Hormonal profiles may either be described as a predisposing factor to spermatogenesis or as a bridge from varicoceles to OAT.
Idiopathic OAT is generally found to be accompanied by decreased testosterone (T), plus elevated estradiol (E2), follicle-stimulating hormone (FSH), and luteinizing hormone (LH) levels. 7 For fertile males with incidental varicoceles, the hormonal profiles and semen parameters are not significantly different from those in normal fertile men without varicoceles. 6 In addition, for patients with or without varicoceles, there were no significantly different biomarkers. 8 This indicated that infertile males with varicoceles may have some other detrimental factors causing poorer semen parameters besides elevated testicular temperature or oxidative stress, which have been believed to be the classical mechanism impacting semen quality.
This study attempted to determine if there is a correlation between hormone levels and semen parameters in patients with OAT syndrome. Furthermore, we would like to suggest hormonal indicators for better semen parameters.
Methods

Patients
A total of 96 infertile males with OAT syndrome were included in this study. 2 The medical histories of all the patients were taken and physical examinations were conducted by the same physician. Grading of varicocele was done in a warm room by using Dubin's criteria. Grade 3 indicates obviously visible varicocele, Grade 2 indicates palpable varicocele, and Grade 1 indicates variocele palpable only at Valsalva maneuver. 9 Semen analyses and hormone profiles were assessed during patient initial visits. The retrospective data review was based on the general research guide.
Hormonal profiles
Blood samples were obtained between 8:00 AM and 11:00 AM. Serum hormone evaluation includes FSH, LH, T, E2, and prolactin (PRL). The combinative ratios of hormones, including T/E2, T/FSH, T/LH, T/(FSH Â LH), PRL Â T/FSH, PRL Â T/LH, and PRL Â T/(FSH Â LH) were also calculated. The arrangement of the individual hormone to the numerator or denominator in the ratio combination formula was based on the results of the correlation trend between the individual hormone and the sperm parameters. If a given hormone showed positive correlation with the sperm parameters, the hormone data would be assigned to the numerator, and vice versa.
Semen analysis
Semen samples were obtained by masturbation after abstinence for at least 3 days. The specimens were evaluated within 1 hour after collection, and the following parameters were obtained: sperm concentration (Â10 6 /mL), total sperm count (TC, Â10 6 ), percent motile sperm count (%), percent normal (morphology) sperm count (%), total motile sperm count (TMC, Â10 6 ), total normal sperm count (TNC, Â10 6 ), and total motile normal sperm count (TMNC, Â10 6 ). All semen analyses were performed in our laboratory using World Health Organization criteria. 10 
Statistical analysis
Statistical analyses were performed with Statistical Package for Social Sciences (SPSS) 17.0 (SPSS Inc., Chicago, IL, USA). The independent correlation of serum hormone parameters (T, E2, FSH, LH, PRL, and their combinative ratios) with semen parameters was tested by linear regression analysis with Pearson's correlation test, and the comparison between patients with idiopathic and varicocele-related OAT syndrome was checked by an independent t test. The significance level was set as two-tailed, and p < 0.05 was considered statistically significant.
Results
The characteristics of included patients are given in Table  1 . The specific characteristics between varicocele-related and idiopathic OAT syndrome in this study were further compared (Table 2) , and there were no significant differences between them.
The mean age of these 96 patients was 40.5 years old (range 27e61 years). Half of them had only left varicocele, 36.5% had bilateral varicoceles, while 13.5% presented without varicocele (idiopathic). Among the patients, 40.7% Table 1 Clinical data for 96 patients with idiopathic or varicocele-related OAT syndrome. The relationship between hormonal profiles and semen parameters are listed in Table 3 . T positively correlated with all semen parameters but only showed statistically significant correlation ( p ¼ 0.031) to sperm normal form percentage. E2, FSH, and LH were all inversely correlated with all sperm parameters, but none showed statistical significance. PRL correlated positively with semen concentration ( p ¼ 0.019), TMC ( p < 0.001), TNC ( p ¼ 0.003), and TMNC ( p < 0.001).
Patient distribution
For the combinative hormonal variables, T/E2 showed positive correlation with percent motile count, TMC, percent normal count, TNC, TMNC, but showed inverse correlation with sperm concentration and TC, although none of them were statistically significant. However, T and E2 were well correlated ( p ¼ 0.011) to each other (Fig. 1) .
T/FSH showed significant correlation with concentration ( p ¼ 0. 
Discussion
In this study, we found there was a general trend of decreased T and elevated FSH and LH levels in patients with OAT syndromes, either with or without varicoceles. In hormonal combinative ratios, T/FSH, T/LH, T/(FSH Â LH), PRL Â T/FSH, PRL Â T/LH, and PRL Â T/(FSH Â LH) all showed significant correlations to concentration and countrelated parameters including TC, TMC, TNC, and TMNC. In this case, T and PRL seemed to be trophic to spermatogenesis, whereas FSH and LH were detrimental.
The main sites of T action in spermatogenesis are during meiosis and spermiogenesis. 1 Therefore an adequate T supply is crucial for Sertoli cell survival and differentiation in early postnatal life.
11e13 T, acting alone or with FSH, acts as a surviving factor for spermatocytes and spermatids through regulating intrinsic and extrinsic apoptotic pathways. 14, 15 In this study, we found that T showed positive correlation with all types of semen parameters, although only sperm morphology satisfied statistical significance.
E2 inversely correlated with all the semen parameters except TC. T/E2 ratio showed positive correlation with all the semen parameters except concentration and TC, although none of them is statistically significant. The role of E2 in male reproduction is complex. In humans, aromatase is constitutively expressed in Leydig cells, Sertoli cells, and all stages of germ cells. 16 Men with aromatase deficiency or estrogen resistance present with abnormal spermatogenesis, 17 but too much E2 is detrimental for spermatogenesis. In infertile men with a decreased blood T/E2 ratio, aromatase inhibitors significantly improve the number and quality of spermatozoa. 18 Therefore, T and E2 are both essential to spermatogenesis, and an appropriate ratio is necessary. In our study, T and E2 were significantly related to each other, suggesting the presence of a balanced aromatase effect. Therefore, T/E2 ratio was not significantly related to semen parameters.
OAT syndrome might be a consequence of a more vulnerable sperm production to the physiological stress because apoptosis of unhealthy sperm is crucial in spermatogenesis. 1 Hormones, mainly T and FSH, regulate male germ cell development by controlling their survival from apoptosis, rather than by stimulating their proliferation.
1 Since a higher testicular T is necessary for OAT patients to maintain their spermatogenesis, this phenomenon is supported by the context that FSH or LH shows inverse correlation with all the semen parameters. For human spermatogenesis, FSH appears more effective than LH in supporting spermatocytes. 19 T and FSH are considered the major hormonal regulators, working either independently or synergistically, for germ cell development at different stages of spermatogenesis. 20, 21 T exerts its biological effects on spermatogenesis via androgen receptors in the Sertoli cells. 22 In addition, T elicits cellular responses through secondary messengers and signaling pathways in Sertoli cells to facilitate the nongenomic action of FSH, which is different from the classical androgen receptor (AR)-mediated transcription. 23 Both of the two pathways of T, synergistically or independently with FSH, are influenced by the LH effect from the hypothalamus-pituitary-gonad axis. Therefore, we hypothesize that a higher T/FSH or T/LH ratio may imply a more sensitive hormonal axis feedback, which results in better sperm production in a patient with OAT syndrome.
In this study, PRL showed a positive correlation with all the semen parameters in our patients, which was notably significant with concentration and count-related parameters. PRL plays crucial roles in the reproductive system. On a physiological level, PRL acts as a trophic hormone when involved with development of the genital tract. 24e26 In addition, PRL also plays a role in sensitizing the testis to LH in the course of normal sexual maturation. 27 Furthermore, it has been found that PRL regulates T secretion and testis growth 28 and T regulates the secretion of PRL through a long feedback mechanism, which appears to have been conserved from rats to humans. 29 However, abnormally high concentrations of PRL or so called pathological hyperprolactinemia leads to hypogonadism resulting from the dysfunction of the hypothalamus 24 or dysfunction of Leydig cells through a TNF-amediated mechanism. 30 It has been reported that in men with oligozoospermia and normal gonadotropin levels, their PRL levels are greater on average than the control. 31 In addition, it was also documented that bromocriptine was used to treat men with normoprolactinemia and idiopathic OAT, although sufficient evidence was lacking. 31 Therefore, we hypothesized that in patients with OAT syndrome, greater PRL levels are probably a result of positive feedback to promote spermatogenesis.
In our combinative formula with PRL [including T Â PRL/ FSH, T Â PRL/LH, and T Â PRL/(FSH Â LH)], all were significantly correlated with sperm concentration and countrelated semen parameters (TC, TMC, TNC, and TMNC). They are more significant statistically than T/FSH, T/LH, and T/(FSH Â LH). This is reasonable because T secretion from Leydig cells is regulated by either LH stimulation or a PRLrelated mechanism. 30 Therefore, in patients with idiopathic or varicocele-related OAT syndrome, less LH and greater PRL levels may represent a more sensitive regulation necessary for adequate T production. In other words, PRL could express its trophic effects without compromising T secretion. Larger T/ FSH ratio may reveal more efficient spermatogenesis under hormonal regulation. Among the combinative ratios, T Â PRL/FSH showed the most significant one in correlation with semen parameters according to the Pearson's correlation coefficient.
In conclusion, we found in the study that T, PRL, T/FSH, T/ LH, T/(FSH Â LH), T Â PRL/FSH, T Â PRL/LH, and T Â PRL/(FSH Â LH) ratios are correlative factors for better semen parameters in patients with idiopathic or varicocelerelated OAT syndrome. Among them, T Â PRL/FSH was the most valuable in correlating the semen parameters, especially for the count-related parameters. Although larger patient numbers are still necessary for further evaluation, the findings of the present study have shown the importance of hormonal regulation in spermatogenesis. This study might create additional opportunities to investigate the effects of manipulating hormonal combinative ratios, by either surgical or medical methods, on the quality of spermatogenesis in infertile males with OAT syndrome.
